Organic contaminants, such as pharmaceuticals and personal care products (PPCPs), pose a risk to water quality and the health of ecosystems. Th is study was designed to determine if a coastal community lacking point sources, such as waste water treatment plant effl uent, could release PPCPs, herbicides, and plasticizers at detectable levels to their surface water and groundwater. Research was conducted in Liberty Bay, an embayment within Puget Sound, where 70% of the population (~10,000) uses septic systems. Sampling included collection of groundwater and surface water with grab samples and the use of polar organic chemical integrative samplers (POCIS). We analyzed for a broad spectrum of 25 commonly used compounds, including PPCPs, herbicides, and a fl ame retardant. Twelve contaminants were detected at least once; only N,N-diethyl-meta-toluamide, caff eine, and mecoprop, a herbicide not attributed to septic systems, were detected in more than one grab sample. Th e use of POCIS was essential because contaminants were present at very low levels (nanograms), which is common for PPCPs in general, but particularly so in such a small community. Th e use of POCIS allowed the detection of fi ve compounds that were not present in grab samples. Data suggest that the community is contaminating local water with PPCPs; this eff ect is likely to increase as the population and product usage increase. Th e results presented here are a fi rst step toward assessing the transport of herbicides and PPCPs into this coastal system.
I n recent years, much attention has been paid to the presence of pharmaceutical and personal care products (PPCPs) in surface water and groundwater. Th ere are a variety of sources for this contamination, with wastewater treatment plants (WWTPs) being the most studied. Data indicate that some PPCPs pass through WWTP to varying degrees and are discharged into the environment (Glassmeyer et al., 2005; Khetan and Collins, 2007; Kim et al., 2007; Kolpin et al., 2002; Metcalfe et al., 2003) . Unlike legacy contaminants, where contamination most often originates from industrial or agricultural application and compounds are banned or limited, PPCPs are continually used and discharged by individuals and businesses. Concurrent discharge and natural attenuation results in an eff ectively steady-state concentration, which has been described as "pseudo-persistent," with unknown ramifi cations (Daughton, 2003) ; the implication is that concentrations are likely to increase with increased discharge.
In addition to wastewater generated from centralized plants, a less well documented waste stream is generated from decentralized systems like septic systems. Several studies have documented the presence of PPCPs in decentralized system effl uent or water receiving this effl uent (Carrara et al., 2008; Conn et al., 2006; Godfrey et al., 2007; Hinkle et al., 2005; Standley et al., 2008; Swartz et al., 2006; Wilcox et al., 2009; Wu et al., 2009) . Approximately 25% of the US population uses some form of decentralized or onsite system to treat and dispose of its wastewater; this includes residences and businesses. With growing concerns over water scarcity and energy resources, onsite waste systems are being considered more economically and ecologically sustainable than current centralized WWTPs (Conn et al., 2006; Green and Ho, 2005; Ho, 2005; Lettinga, 2006) .
In the United States, about 15 billion L d −1 of waste are processed and discharged into the environment by onsite systems categorized as nonpoint sources (Conn et al., 2006) . Th ese systems are considered to contribute small contaminant loads, and, unlike WWTP effl uent, the waste streams are not directly monitored. Th ere are insuffi cient data to compare the removal of PPCPs by septic systems with that of conventional WWTPs. Th e potential for raw or only partially treated wastewater discharged from these systems must be considered. Adequate treatment during infi ltration is site specifi c and must consider characteristics like soil type and water table height. Coastal systems may be more problematic due to a number of issues, including leach fi eld placement, where the leach fi eld may be barely above the water table and located right on the shoreline. Given these variables, the question of whether treatment in septic systems is adequate to protect surface water and groundwater has not been thoroughly addressed. Th is question is important because it has been shown that the contribution discharge of groundwater makes into coastal water can be signifi cant (Moore, 1996) . Th erefore, this study was designed to reveal whether a septic system-dominated coastal community in Liberty Bay within Puget Sound, Washington (Fig. 1) , near the town of Poulsbo, was releasing PPCPs, herbicides, and plasticizers at detectable levels to their surface water and groundwater.
Experimental Details

Study Area
Puget Sound is a valuable ecosystem supporting many species of fi sh, marine mammals, aquatic invertebrates, and plants. It is one of the largest estuaries in the United States. Th e Sound is bounded by the Cascade Mountains and the Olympic Range (May et al., 2005) . Liberty Bay is one small embayment of many in the middle of the Puget Sound trough, which was formed by large glaciers. Providing signifi cant nearshore habitat for the fi sh and wildlife, Liberty Bay is an integral element of the Puget Sound ecosystem. Tides propagate from the Pacifi c Ocean into Puget Sound and then into the bay and are the primary fl ow regime. Puget Sound tides are semidiurnal and diurnal mixed modes with two high and two low tides every diurnal cycle; once in Liberty Bay, tides vary from a variety of forcing mechanisms, including freshwater infl ows (May et al., 2005) .
Creeks and groundwater contribute fresh water to Liberty Bay. Creeks fl ow primarily through residential areas and are thought to be gaining water from the local aquifer before emptying into Liberty Bay. In an analysis of the Puget Sound Regional Aquifer System, areas with altitudes of 50 feet or less near shorelines or in alluvial valleys were generally found to be groundwater discharge areas, where 15 to 40% of the total annual streamfl ow originates from surface and shallow subsurface runoff (Vaccaro et al., 1998) . For similar basins in the Puget Sound lowlands, annual groundwater discharge to surface water is about the same magnitude as annual surface and shallow subsurface runoff . Surface and shallow subsurface runoff shows a seasonal trend, with runoff in November through March exceeding that in April through October.
Th e Liberty Bay watershed is reasonably developed, with about half of the 87 km 2 still covered by native forest (May et al., 2005) . Streams, of which Dogfi sh Creek is the largest (Sites 1 and 2), drain approximately 80% of the watershed, with the remaining draining directly to Liberty Bay (May et al., 2005) . A population of about 10,000 is located primarily around Poulsbo (Fig. 1 ) and the shoreline, with approximately 70% of that population served by septic systems (S. Whitford, Kitsap County Health District, personal communication, 2008). Kitsap County's Central Kitsap Treatment Plant serves the remaining 30% of the community. Discharge from this WWTP is directed into Port Orchard Bay, outside the study area; however, a potential sewer line leakage has been proposed near Site 5 (City of Poulsbo-Planning Department, 2001) . Septic systems in the area have been constructed over a number of decades and have therefore been constructed according to changing guidelines, thus providing for potential variability in treatment effi ciencies based on possible system confi gurations.
Creeks and shallow groundwater were sampled to determine if septic systems across the watershed were contributing PPCPs to these waters. Th e study analyzed for a broad spectrum of compounds, including pharmaceuticals, personal care products, herbicides, and a fl ame retardant, to maximize the chances that a contaminant signal would be observed. Two liters of surface water were sampled at seven creeks (Sites 1 and 2, 3, 4, 6, 7, 8, and 9) , and 1 L of groundwater was sampled at three shallow groundwater wells (Sites 5, 10, and 11) ( Table 1) . Surface water sites were chosen to overlap with Kitsap County Health District's water quality monitoring stations, which were known to be impaired (Kitsap, 2006) . Sites 1, 3, 4, 7, and 8 have been regularly monitored by Kitsap County for fecal indicator bacteria, dissolved oxygen, and pH. Sites 6 and 9 were selected based on the creeks' proximity to nonsewered areas and subsequent discharge into Liberty Bay. Site 2 was selected because it was the most urbanized site, partially sewered, and located downstream of Site 1. In Liberty Bay, coastal groundwater discharge sites were chosen to refl ect a gradient of marine and terrestrial drivers. Site 5 was located within a sewered section close to the city center of Poulsbo. Sites 10 and 11 were located on a rural peninsula where houses are generally on septic systems. Sites 10 and 11 were chosen because they are most likely to give a septic signal because there are no sewered parcels in the vicinity, even though they are located outside of Liberty Bay.
Sample Collection
Passive Sampler
Th e passive sampler used was the commercially available polar organic chemical integrative sampler (POCIS) (Environmental Sampling Technologies, St. Joseph, MO). Th ere are two types of POCIS available, based on the compounds targeted: (i) Aquasense-P pharmaceutical (Pharm) and (ii) pesticide (Pest) (Alvarez et al., 2004) . Both types were used at Sites 1 and 2 during both seasons, giving four possible detections per site. Units were deployed during the wet winter season (JanuaryMarch 2007) for a period of 62 d. July through September 2007 was considered the dry summer season, with a deployment period of 61 d. Samplers were deployed and retrieved at low tide. Th e samplers were kept in methanol-rinsed cans at −20°C and processed within 14 d of arrival.
Groundwater
One liter of groundwater was collected in 1-L amber glass bottles (I-CHEM, Rockwood, TN) from shallow piezometers using a peristaltic pump and new polyethylene tubing. Th e samples were kept on ice during transit and at 4°C while at Stanford University (Stanford, CA) and processed within 7 d of arrival.
Surface Water
Two liters of surface water were collected in 1-L amber glass bottles (I-CHEM). Th e samples were kept on ice during transit and at 4°C while at Stanford University and processed within 48 h of arrival.
Materials
Atrazine, caff eine, carbamazepine, N,N-diethyl-meta-toluamide (DEET), dilantin, erythromycin, gemfi brozil, ibuprofen, ketoprofen, mecoprop, oxybenzone, pentoxifylline, sulfamethoxazole, tri(2-chloroethyl) phosphate (TCEP), triclosan, and trimethoprim were obtained from Sigma-Aldrich (St. Louis, MO). Acetaminophen, carisoprodol, and propranolol were from Grace Davison Discovery Sciences (Deerfi eld, IL). Diclofenac, diazepam, and meprobamate were from Cerilliant (Round Rock, TX). Hydrocodone was from Cambridge Isotope Laboratories (Andover, MA). Fluoxetine and norfl uoxetine were from Toronto Research Chemicals (New York, Ontario, Canada). Methanol and water were HPLC grade and were obtained from Fisher Scientifi c (Fair Lawn, NJ). Formic acid and methyl tert-butyl ether (MTBE) were from Sigma-Aldrich. Milli-Q water was generated using a Synergy 185 Millipore with a Simpak2 purifying system (Billerica, MA). Selection of materials was based on cost and availability.
Sample Preparation
Passive Sampler
Accumulation is assumed to be linear over the deployment period of the POCIS. Integrative passive samplers usually follow fi rst-order kinetics (Alvarez et al., 2004) . Samples were prepared as described by Environmental Sampling Technologies standard operating procedures (SOP E 51-53). All hardware was rinsed with Milli-Q water, and debris was removed with a soft bristle brush. Sequestration medium (Pharm or Pest) was rinsed into a glass chromatography column fi tted with a stopcock and glass wool. Extraction of the Pharm sorbent was done with 40 mL of methanol, whereas the Pest sorbent required 50 mL of 10/10/80 (v/v/v) methanol/toluene/methylene chloride. Extracts were fi ltered using a G6 glass fi ber fi lter (Fisher Scientifi c) and concentrated under nitrogen. Solvent exchange was done for the Pest extracts, and all samples were brought to a fi nal volume of 1 mL using methanol.
Groundwater and Surface Water
Th e analytical method was adapted from Vanderford et al. (2003) . Samples were adjusted to pH 2.0 using sulfuric acid and spiked with 20 μL of a 2.5 mg L −1 deuterated surrogate standard mixture (atrazine-d5 and ibuprofen-d6). One-liter samples were extracted by solid-phase extraction with Oasis HLB (Waters, Millford, MA) cartridges using a 24-port Analychem vacuum extraction manifold. Blanks consisting of Milli-Q water were also extracted. Cartridges were conditioned sequentially with 5 mL MTBE, 5 mL methanol, and 5 mL sulfuric acid-acidifi ed Milli-Q water (pH 2), and samples were loaded at a fl ow rate of 15 mL min −1 or less under vacuum. After loading, the cartridges were rinsed with 5 mL Milli-Q water and dried under vacuum. Cartridges were eluted with 5 mL 10/90 (v/v) methanol/MTBE followed by 5 mL methanol into 15-mL volumetric centrifuge tubes. Th e extract was concentrated using a stream of nitrogen to ~750 μL and brought to a fi nal volume of 1 mL using methanol.
Sample Analysis for Pharmaceutical and Personal Care Products
Separation was performed on a 250-× 4.6-mm Synergi Max-RP C12 column with a 4-μm particle size (Phenomenex, Torrance, CA) equipped with a C12 SecurityGuard Cartridge (Phenomenex) using a Shimadzu LC (LC-10AD VP) at a fl ow rate of 0.7 mL min −1 and SIL-10AD VP autosampler (Columbia, MD). A triple quadrupole mass spectrometer (API3000; Applied Biosystems, Foster City, CA) was operated in multiple reaction-monitoring transition mode for sample analysis and quantifi cations. Positive and negative electrospray ionization was used. Th e injection volume was 10 μL. Additional method details are described elsewhere (Vanderford et al., 2003) . Th e nebulizer, curtain, and collision gas fl ows were 6, 10, and 7 arbitrary units, respectively, and the ion spray voltage was operated at ±4200V with a source temperature of 450°C. A dwell time of 150 ms was used per ion pair monitored. Th e nebulizer and drier gas were generated by a Zero Air generator (Parker-Balston, Haverhill, MA), and nitrogen for the curtain and collision gas was generated by a N2-4000 generator (Parker-Balston). 
Quantifi cation of Pharmaceutical and Personal Care Products
Standards for 25 compounds were prepared in methanol. Analyte selection was based primarily on the liquid chromatography/tandem mass spectrometry method adapted from Vanderford et al. (2003) because it covered a range of widely used compounds and allowed for analysis with one method. Th e method detection limit for each compound was determined as the lowest injected standard that gave a signal-to-noise ratio of at least 3 and an accuracy of 70 to 130%. Calibration standards (0.5, 1.0, 2.5, 5.0, 10.0, 25.0, 50.0, and 100 μg L −1 ) for all compounds were injected before and after samples were taken. Analytes were calibrated externally using linear regression. Satisfactory correlation coeffi cients were obtained for all compounds (0.98-0.99). Each sample batch contained blanks that were processed and analyzed alongside unknowns. Level of quantifi cation limits were calculated using the concentration factor and the method detection limit. Analyte identifi cation and quantifi cation was made for samples with a signal to-noise ratio of at least three and the main transition eluting at the expected retention time. Diffi culty with quantifying water fl ux due to tidal infl uence led to using the mass adsorbed to the POCIS sorbent instead of calculating water concentrations.
Results and Discussion
Pharmaceutical and Personal Care Products in POCIS Extracts from Surface Water
Detections of PPCPs are summarized in Table 2 for this study as the mass recovered per POCIS (Alvarez et al., 2004 (Alvarez et al., , 2005 . Th e adsorbed mass of the 10 detected compounds ranged from 0.5 to 57 ng per POCIS in this study, on the same order of magnitude as WWTP-aff ected waters for the mutually detected compounds (Alvarez et al., 2005) . Nine analytes were detected at Site 2 (atrazine, caff eine, carbamazepine, DEET, gemfi brozil, ibuprofen, ketoprofen, trimethoprim, and TCEP), whereas only fi ve were detected at Site 1 (caff eine, DEET, ketoprofen, norfl uoxetine, and TCEP). All compounds, with the exception of ibuprofen and norfl uoxetine, were detected in both POCIS sorbents. Th e data presented in Table 2 were averaged across sorbent type and season. Work done on a range of herbicides demonstrated the Pharm and Pest POCIS sorbed compounds with log partition coeffi cient (K ow ) ranging from ~1 to 5 with similar affi nity (Mazzella et al., 2007) . Table 3 lists the log K ow of the majority of compounds analyzed in this study; all of the detections, with the exception of caff eine, fall within this range. Fifty percent of the detected compounds, including atrazine, carbamazepine, gemfi brozil, ibuprofen, and trimethoprim, were found only at Site 2. Site 2 is located at the head of Liberty Bay, the most urbanized site within the study, and is partially surrounded by sewered parcels. Th e land around Site 1 is mostly pastureland, which could be contributing animal wastes to the contaminant signal; however, the increased detections at the more urbanized Site 2 are expected. Th e occurrence of these compounds, with the exception of norfl uoxetine, have been previously reported in POCIS extracts in larger systems receiving point source discharges (Alvarez et al., 2008; Alvarez et al., 2004 Alvarez et al., , 2005 Macleod et al., 2007; Togola and Budzinski, 2007) ; however, this is the fi rst study to detail these occurrences in a system lacking any such distinct point sources.
Th e fate of the detected compounds is complex and cannot be solely predicted based on an indicator of sorption like log K ow . Table 3 lists the log K ow values for most of the detected compounds, which can be used to point toward potential behavior in the environment. Contaminants likely to stay in the dissolved phase (e.g., caff eine, TCEP, and trimethoprim) were taken up by both POCIS sorbents, perhaps to a lesser extent than compounds with a higher log K ow . Diff erences in compound uptake are usually accounted for in laboratory controls. Losses are possible from biotransformation, sorption, and photolysis but are not identifi ed in the current study, which was designed to screen for PPCPs. POCIS data should be considered qualitatively but defi nitively describe the presence of the detected compounds. Lin and Reinhard (2005) showed the detected compounds gemfi brozil, ibuprofen, and ketoprofen are prone to direct and indirect photolysis; the use of POCIS may limit the photodegradation of the above contaminants and other transformational processes overall simply by sorption to the passive sampler's sorbent media.
Passive samplers can provide important insight into the suite of contaminants present that grab sampling may miss due to episodic events or concentrations below the detection limits that could be toxicologically relevant (Alvarez et al., 2004; Togola and Budzinski, 2007) . Th e POCIS extracts were expected to have more contaminants present because of the integrative nature of the sampler and the expected low level of contaminants in this area. As anticipated, the contaminant level detected in grab samples was low, making the POCIS a necessary tool for assessing the contaminants in the main stream discharging into Liberty Bay. Th e use of these samplers in all the creeks would have provided a much more thorough picture of the contaminants present in the area.
Pharmaceutical and Personal Care Products in Grab Samples from Surface Water
Of the eight sites sampled with grab samples, 50% (Sites 2, 7, 8, and 9) had analyte concentrations above the level of quantifi cation (range, 0.7-12.3 ng L
−1
). Surface water grab samples contained 20% of the target analytes, including caff eine, DEET, ibuprofen, mecoprop, and propranolol (Table 2) . Site 8 was the most aff ected at the time of sampling, with 80% of the above listed compounds detected. Ibuprofen and DEET were detected at 8.0 and 3.3 ng L −1 , respectively; these compounds were not detected in other surface water tested during this study. DEET has been detected in numerous studies ranging in concentration from 2 to 2100 ng L −1 in surface water, likely from WWTP effl uent or other waste streams like septic systems (Alvarez et al., 2005; Costanzo et al., 2007; Glassmeyer et al., 2005; Kim et al., 2007) . Ibuprofen is also commonly detected in surface water near WWTP effl uents at concentrations up to 250 ng L −1 (Alvarez et al., 2005; Gross et al., 2004; Kim et al., 2007; Metcalfe et al., 2003) , although it has been reported to biodegrade with a half-life of <6 d (Loffl er et al., 2005) , which could be a factor in its limited detection in this study due to the increased hydraulic retention time. Caff eine and mecoprop were also identifi ed at Site 8 at concentrations of 6.2 and 12.3 ng L −1 , respectively. Neighboring Site 9 had a single detection of mecoprop at 7.9 ng L −1 , on the same order as reported in surface water elsewhere . Site 2 had 10 PPCPs detected via POCIS extracts; however, the surface grab sample only captured caffeine at 5.0 ng L −1 , demonstrating the value of an integrative sampling strategy or device to provide information that can be missed by a grab sample. Propranolol, a β-blocker, was exclusively detected at Site 7 with a concentration of 0.7 ng L −1 , on the same order as found in Canada (Macleod et al., 2007) .
Th e occurrence of these contaminants in local streams demonstrates that this community is discharging PPCPs to surface water. Th ere were no detections at Sites 1, 3, 4, and 6. Because all sites other than Site 6 (not monitored) are known to be aff ected by wastewater (only passing the fecal indicator bacteria standard two times in 11 yr [Kitsap, 2006; Kitsap, 2009] ), this result initially appears anomalous. However, the expected low PPCP concentrations and the highly variable nature of PPCP usage patterns on a household basis reveal the combined limitations of an analytical technique that is insuffi ciently sensitive coupled with a grab sampling strategy. Th is again demonstrates the value of the POCIS (e.g., Site 1) and highlights the fact that nondetects in grab samples do not necessarily indicate the absence of contamination.
Th e stream sampled at Site 8 weaves through a residential neighborhood served by septic systems. Th e neighborhood had a convenience store with a gas station directly adjacent to the sampling point. Convenience store septic systems have been suggested to contain higher concentrations of contaminants like PPCPs in comparison to single-family homes due to waste composition and water usage patterns; this is in agreement with our fi ndings (Conn et al., 2006) . Lemolo Creek (Site 9) also runs through a rural residential neighborhood but has a signifi cantly wider streambed at the sampling location. When comparing the two sampling locations, Site 8 is very narrow with lower fl ow at the sampling site when compared with Site 9, which has a wide stream and greater fl ow, thus explaining why dilution is more likely at Site 9. In spite of the lack of point sources discharging into Liberty Bay, the detections of contaminants in these streams suggest that wastewa- ter from septic systems or leaking sewers is the most likely source of these contaminants, with the exception of the herbicides. Th e herbicides atrazine and mecoprop are likely transported to surface water through groundwater or runoff without interaction with a septic system or sewer.
Pharmaceutical and Personal Care Products in Shallow Groundwater
Th e discharge of wastewater-aff ected groundwater to Liberty Bay provides an additional mode of transport of contaminants that is often unconsidered when examining the ways that wastewater systems can aff ect the aquatic system. Th e fl ow of coastal groundwater into Puget Sound as submarine groundwater discharge was quantifi ed at two sites using geochemical and geophysical techniques (Swarzenski et al., 2007) . Th e submarine groundwater discharge rate from Site 5 was determined to be 19.3 cm d −1 (Swarzenski et al., unpublished data) , of which ~4 cm d −1 (~20%) was fresh water, based on a salt balance using salinity measurements taken at the time (data not shown), with the remainder being brackish recirculated water. Sites 10 and 11 are part of the same system, and the total groundwater discharging here was 27.8 cm d
−1 (Swarzenski et al., unpublished data) ; ~6 cm d −1 (~21%) of freshwater was similarly based on salt balance. Th e antibiotic trimethoprim was detected at 6.7 ng L −1 at Site 5, a similar concentration to that found elsewhere in a well thought to be aff ected by septic systems (Godfrey et al., 2007) . Groundwater from Site 10 had DEET (2.3 ng L ). Th e detection of DEET in groundwater sampled from Sites 10 and 11 suggests septic effl uent as a possible source because it can enter the aquatic environment by washing off or by absorption and excretion from people applying it to their skin or potentially entering the groundwater system from the recirculated seawater (Costanzo et al., 2007) . Tri(2-chloroethyl) phosphate is found in groundwater from Germany ranging from 35 to 495 ng L −1 (Fries and Puttmann, 2003; Heberer et al., 2004) .
Greater levels of contaminants were expected in the groundwater system because of the direct connection between discharge of effl uent and percolation into groundwater. Although there were detections in groundwater, there were more compounds detected in the surface water samples, perhaps indicating that more effl uents from septic systems are reaching surface water. Alternatively, groundwater samples may not have been taken in direct line with septic system fl owpaths. Additionally, the POCIS would be a valuable tool in determining the range of contaminants present in groundwater discharging to Liberty Bay. Of the detected compounds in groundwater, trimethoprim and TCEP are expected to stay in the dissolved phase when characterized by log K ow (Table  3) . Th erefore, the occurrence of these is anticipated. However, the fate of DEET in this system is less clear. Further study is necessary to characterize the fate of DEET and other contaminants in shallow groundwater aff ected by septic effl uents.
Implications of Pharmaceutical and Personal Care Product Occurrence in Sensitive Ecosystems
Th e compounds reported in this study have been detected across the world in surface water, and occasionally groundwater, receiving point source discharges (Alvarez et al., 2005; Carrara et al., 2008; Costanzo et al., 2007; Glassmeyer et al., 2005; Godfrey et al., 2007; Gross et al., 2004; Kim et al., 2007; Kreuzinger et al., 2004; Metcalfe et al., 2003; Sacher et al., 2003; Scheytt et al., 2004; Stolker, 2004) . Pharmaceutical and personal care products are common; however, their discharge in this study to a sensitive estuary is concerning. Estuaries are often the breeding ground for many species that spend part or all of their delicate developmental period in these waters. Research on frogs has shown increased negative eff ects on animals exposed during development (Hayes et al., 2002 (Hayes et al., , 2003 . Carbamazepine, for example, is considered a hazardous compound in the aquatic environment based on evaluation of the eff ects on algae, invertebrates, fi sh, and bacteria (Khetan and Collins, 2007) . Besides concerns over the toxicological eff ects of nontarget species, the presence of compounds like PPCPs in the environment elicit worry of microbial resistance to the drugs and products like triclosan and triclocarban used to safeguard our health. Th e fears of the development of microbial resistance to antibiotics in the environment are well founded and have been documented with a variety of antibiotics including trimethoprim, which was detected in surface water and groundwater in this study, where resistance has been observed in US river bacteria and in microbes from a sewage treatment facility (Khetan and Collins, 2007) . Very little is understood about chronic low-level exposure to chemicals like PPCPs and about the potential synergistic eff ects due to the mixes of contaminants present in the environment.
Th is study was designed to reveal if a coastal community served primarily by septic systems could release PPCPs, herbicides, and plasticizers at detectable levels to their surface water and groundwater. Seven of the 12 compounds detected in this study have also been detected in the studies examining septic systems as potential sources for PPCPs (Carrara et al., 2008; Conn et al., 2006; Godfrey et al., 2007; Standley et al., 2008; Swartz et al., 2006; Wilcox et al., 2009; Wu et al., 2009) . Th e remaining fi ve include two herbicides that are not attributable to septic systems and three unique detections, which include norfl uoxetine, propranolol, and TCEP. Occurrence data suggest that the community is releasing detectable levels of such compounds to local waters, and this is likely to increase as populations, prescriptions, and household product uses increase. Th e results presented here are a fi rst attempt at assessing if wastewater in the absence of point sources containing PPCPs is aff ecting this delicate coastal system. Although four sites had no quantifi able PPCPs in the grab samples, the contaminant story is incomplete. Further study is required to characterize the sources of this contamination conclusively. Th e presence of these contaminants cannot be underestimated because they may act stealthily to impart subtle changes that have large eff ects on ecosystems.
